Objective: To describe the developmental trajectories of quality of life (QoL) in a large cohort of children with epilepsy, and to assess the relative contribution of clinical, psychosocial, and sociodemographic variables on QoL trajectories. Methods: Five assessments during a 28-month prospective cohort study were used to model trajectories of QoL. Participants were recruited with their parents from six Canadian tertiary centers. A convenience sample of 506 children aged 8-14 years with epilepsy and without intellectual disability or autism spectrum disorder were enrolled. A total of 894 children were eligible and 330 refused participation. Participating children were, on average, 11.4 years of age, and 49% were female. Nearly one third (32%) had partial seizures. At baseline, 479 and 503 child-and parent-reported questionnaires were completed. In total, 354 children (74%) and 366 parents (73%) completed the 28-month follow-up. QoL was measured using the child-and parent-reported version of the Childhood Epilepsy QoL scale (CHEQOL-25). Results: Child-reported QoL was fitted best by a six-class model and parent-reported QoL by a five-class model. In both models, trajectories remained either stable or improved over 28 months. Of these children, 62% rated their QoL as high or moderately high, defined as at least one standard deviation above the average CHEQOL-25 score. Greater family, classmate, and peer social support, fewer symptoms of child and parent depression, and higher receptive vocabulary were identified as the most robust predictors of better QoL (all p < 0.001). Significance: Most children with epilepsy and their parents reported relatively good QoL in this first joint self-and proxy-reported trajectory study. Findings confirm the heterogeneous QoL outcomes for children with epilepsy and the primary importance of psychosocial factors rather than seizure and AED-specific factors in influencing QoL. These predictors that are potentially amenable to change should now be the focus of specific intervention studies.
Addressing the question why some children with epilepsy report living satisfactory lives while others do not 1 requires a deeper understanding of the determinants of quality of life (QoL) and health outcomes as reported by parents and the children themselves. [2] [3] [4] The identification and quantification of contributing factors amenable to change can help clinicians and researchers envision opportunities to improve manageable aspects of children's QoL. In addition to shaping clinical activities in engagement with children and families, these factors can be the focus of specific intervention studies.
Longitudinal studies of parent-reported outcome measures in children with new-onset epilepsy have shown positive outcome trajectories that were either stable or improving over 2 years. [5] [6] [7] Furthermore, these studies identified child behavior, mood and cognition, antiepileptic drug (AED) variables, family functioning and stress, as well as parental psychological distress as major predictors of child outcomes. Thus, for parents, a constellation of psychosocial and clinical factors is important to the perception of high QoL attainment in their children.
Our baseline research, grounded exclusively on child-report, indicated that children emphasize different predictors of QoL than previous parent-reported research 8 ; children's responses showed strong direct and indirect associations among family and peer support, child mental health, and QoL. Children revealed a distinct voice in describing their QoL; thus their reports are needed in tandem with those of parents to provide a broader view of QoL and its determinants over time.
This study addressed the following research questions: (1) are there unique trajectories of child-and parentreported epilepsy-specific QoL? and, (2) -if so, what is the relative contribution to QoL of (a) seizure-and treatmentrelated variables, (b) cognitive and psychosocial functioning of individual children, and (c) contextual variables at the family level?
Methods

Design and sample
Children with epilepsy and their parent(s) were recruited through their neurologists from six tertiary child epilepsy centers across Canada. Entry criteria included the following: a diagnosis of epilepsy (incident or prevalent cases) either with seizures in the previous 12 months, or on medication to control seizures, or seizure-free for 12 months; aged 8-14 years; and, fluency in English or French. We excluded families of children with intellectual disability based on parent report or neurologists' clinical judgment, as well as those with an established diagnosis of autism spectrum disorder. 9 These exclusion criteria were applied to establish a sample of children who could and would selfreport. Our sample broadly included children with epilepsy of approximate normal and borderline cognition, which generalizes to 80% of the childhood epilepsy population. 10 Participants completed five assessments over 28 months, approximately 7 months apart (independent of clinic visits, although some clinics attempted to accommodate study visits with clinic visits), in an effort to accommodate variations in seasonality, time in school, as well as potential developmental, epilepsy-related, and other health-related determinants (Fig. S1 ). All relevant research ethics boards approved this study. Following an information meeting with research staff at the baseline visit, participating parents and children provided informed written consent and assent, respectively.
Procedures
Within clinics, research staff were present to collect demographic information and assess the receptive vocabulary, seizure severity, 11 and adverse effects of AEDs 12 in participating children. Type of epilepsy was obtained by chart review and confirmed with the patient's neurologist. Assessments were completed in-clinic and in rare instances, over the telephone or mailed to families, and returned to investigators (except for receptive vocabulary). We translated English-language measures into French with adjustment to Quebec cultural specificities according to existing guidelines. 13 
Child-reported measures
Child QoL was measured at each assessment using the 25-item Childhood Epilepsy QoL scale (CHEQOL), a valid and reliable epilepsy-specific measure built from direct responses from child and parent focus groups. 2, 9, 14 Five domains of QoL are measured by the CHEQOL-25: interpersonal/social consequences, worries and concerns, intrapersonal/emotional issues, secrecy, and quest for normality. Each item in this Harter-formatted scale contains one positive and one negative description of a specific aspect of QoL. 15 Respondents choose which statement better describes them and then select whether the chosen statement
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• Psychosocial factors proved to be more robust predictors of QoL than clinical factors is "Really true for me" or "Sort of true for me." Summed raw scores range from 0 to 100, with higher scores indicating better QoL. In this study, the internal consistency was a = 0.86.
Depressed mood in children was measured at the baseline assessment and subsequently at the third and fifth assessment using the Children's Depression Inventory (CDI). 16 The 10-item short version assesses five domains: negative mood, ineffectiveness, negative self-esteem, interpersonal problems, and anhedonia. CDI items are scored on threepoint scales (0 = not true, 1 = somewhat true, 2 = very true). Summing all items results in total scores varying between 0 and 20, with higher scores indicating more depressive symptoms. The psychometric properties of the CDI are well-established 17 and in this study, the internal consistency was a = 0.76.
Child receptive vocabulary was administered at baseline by trained clinic staff to children at the baseline assessment using the Peabody Picture Vocabulary Test-Third Edition (PPVT-III). 18 Assessments were repeated at subsequent measurement occasions for children with a score of ≤70. It is validated for children as young as 2.5 years of age with excellent psychometric properties (a = 0.95; www.pearsonclinical.com). Raw scores are converted to standardized scores with a mean of 100 and standard deviation (SD) of 15. Higher scores indicate better receptive vocabulary, and PPVT scores have been shown to be correlated with measures of IQ.
The Social Support Scale for Children (SSSC) was used to measure child-reported parental, classmate, and close friend support at the second and fourth assessments. 19 Each type of support is measured using six items. Questions contain one positive and one negative description of specific aspects of parental, classmate, or close friend support. Respondents select which description is more like them and then select whether the chosen statement is "Really true for me" or "Sort of true for me." The mean score is computed for each type of support; whereby higher scores indicate more social support. In this study, internal consistency was adequate: parent (a = 0.73), classmate (a = 0.74), and close friend (a = 0.77).
Parent-reported measures
Parent depressed mood was measured at baseline and subsequently at the third and fifth assessments using the Brief Child and Family Phone Interview (BCFPI), 20 a sixitem scale adapted from the Center for Epidemiological Studies Depression Scale developed for research in the general population. 21 Responses are scored on a four-point scale (0-3), with higher scores indicating elevated parent depressed mood. In this study, internal consistency of the BCFPI parent mood scale was good (a = 0.79).
The Seizure Severity Scale 11 was completed by neurologists at each assessment. It divides seizure severity into three groups: (1) no seizures of any type in the past year; (2) low severity group includes ≤20 simple partial seizures, ≤20 absence or myoclonic seizures, ≤4 complex partial seizures or ≤1 generalized tonic-clonic seizure in the past year, and, (3) high severity includes any amount beyond level 2. We asked parents to report on drug toxicity symptoms and signs using items from the systemic and neurotoxicity subscales of a measure of AED therapy. 12 Parents also completed the CHEQOL (a = 0.88) at the same assessments and in the same manner as their children. For proxy reports, parents were asked specifically to score the measures the way they thought their child would answer (i.e., surrogate response). 22 
Analysis
Derivation of trajectories
Trajectories of QoL, as assessed by CHEQOL total score, were derived using latent class mixture models. 23 The latent class mixture model is an extension of the linear mixed model that allows for heterogeneity of a population by assuming that the population consists of distinct groups, each characterized by a separate profile, or class. Latent growth curves were fitted to the CHEQOL total scores using time in the study as the independent variable. Beginning with a single class, cubic growth curve models were fit and those parameters over first order (i.e., quadratic, cubic) were removed if nonsignificant. Three replications were performed with very different start values to ensure that the solutions had found global and not local minima. This process was repeated through increasing the number of classes until the model worsened, as indicated by an increase in the Bayesian Information Criterion (BIC). Nonsignificant higher-orders terms were removed, and the model was refitted to achieve parsimony. Qualitative labels describing the trajectory classes reflect whether trajectories were at least one standard deviation (SD) from the mean CHEQOL score.
Prediction of class membership
Multinomial regression was used to predict class membership in the QoL trajectories. The following predictors were included in the model: age, gender, verbal comprehension ability, number of AEDs and AED failures, seizure severity, parent depressed mood, child depressed mood, and social supports (parental, classmate, close friend). Baseline variables were used in the modeling, except for the social supports variable, which was first measured at the second assessment. Backwards elimination was used to select the final model variables, using a = 0.05, as this method of variable selection preserves the type-I error rate. 24 In an attempt to gauge the relative importance of the variables in the final model, McFadden's coefficient of determination, q 2 , was calculated for the final model with each variable removed in turn. 25 The difference in q 2 between the full model and the model without each variable was calculated as a measure of relative variable importance, using the mean q 2 value across imputations. Fitting of longitudinal trajectories and predicting their membership was done separately for the child and parent-reported CHEQOL.
Missing data
Because latent class analysis requires only that individuals have at least one CHEQOL score, there were no missing data in the derivation of the trajectories. 23 However, because we ultimately fitted quadratic trajectories of child QoL, which require a minimum of three assessments, we classified children into two groups: those who had completed at least three assessments and those who had not. Logistic regression was then used to identify factors predictive of having fewer than three assessments. In predicting class membership with multinomial regression, there were missing data for the predictor variables. To handle these missing data, five imputed datasets were created using a random forest trained on observed values to predict missing values in the data, implemented by the missForest package. 26 Analyses were conducted on each of the imputed datasets, and the results were combined according to Rubin's rules. 27 
Results
There were 486 children and 505 parents with at least one CHEQOL assessment. The number of assessments recorded at each visit varied from 347 at visit 4 to 479 at visit 1 for children and from 358 at visit 4 to 503 at visit 1 for parents. We amalgamated the measures of visits 4 and 5 for families who missed visit 4 but appeared for the final visit at 28 months. The mean age of children at baseline was 11.4 years (SD 2.1), and 49% were female. Further details of the sample are given in Table 1 . There were data for at least three visits for 416 children; 70 children completed one or two assessments. Children were more likely to have at least three visits if their mothers had secondary school (odds ratio [OR] 5.1, 95% CI 1.8-14.2) or postsecondary education (OR 4.4, 95% CI 1.8-10.8). Relative to those in seizure remission in the past year, those with low seizure severity were more likely to complete at least three assessments (OR 2.1, 95% CI 1.1-3.8), as were those experiencing higher seizure severity (OR = 3.4, 95% CI 1.7-6.6).
QoL trajectories
The mean child-reported CHEQOL score was 72.9 (SD 12.8) at baseline. Child-reported QoL was fitted best by a six-class model, with quadratic and linear terms. For parentreported child QoL, a five-class model was chosen. Estimates of the trajectory parameters for these groups are given in Table S1 . Mean CHEQOL scores for each trajectory class at each assessment are shown in Table 2 . Medium-sized correlations (r) were found between child and parentreported CHEQOL scores at each of the five assessments: 0.38, 0.50, 0.57, 0.44, and 0.51, respectively.
Child-reported classes
Of the six child-reported classes identified, three represented lower than average QoL groups and three represented higher than average scores (Fig. 1) . The first group (5.1%; labeled Low-Stable) identified children with persistently low QoL, more than one SD below average. The second group (19.1%; Low-Increasing) began the study with low QoL but improved over the course of the study, reporting average QoL by the end of the study. The third group (14.0%; ModLow-Stable) had persistently low QoL throughout the study, but at a higher level than group 1. Group 4 (8.4%; Average-Increasing) began the study with near-average QoL, but within 18 months had reported higher than average QoL. Groups 5 (26.8%; ModHighStable) and 6 (26.5%; High-Stable) together represented most of the sample and reported consistently high QoL, with group 6 reporting the best QoL, on average one SD above the mean. See Table S2 for group characteristics.
Parent-reported classes
The mean parent-reported CHEQOL score was 70.5 (SD 13.5) at baseline (Fig. 2) . The five groups of parent-reported QoL trajectories consisted of two above-average groups, Table S3 for group characteristics.
Predictors of QoL trajectory
For both the child-and parent-reported trajectories, the reference groups were those reporting consistently high QoL. Odds of group membership associated with the various predictors are given in Table 3 (child) and Table 4 (parent). For the child-reported scores, lack of classmate social support consistently predicted being in lower QoL trajectories. Elevated parent depressed mood and lack of parental social supports were associated with an increased likelihood in being in all groups except group 4, for which was reported high QoL by the end of the study. Being a female child increased the likelihood of being in the low and moderately low QoL group and child depressed mood was associated with being in the lowest QoL groups. In the parent-reported trajectories, low child receptive vocabulary and elevated parent depressed mood were the two consistent predictors of membership in lower QoL trajectories. Older child age was associated with membership in the lowest QoL groups. More AED failures and lack of classmate social supports were predictive of membership in all groups except the group that reported high QoL by the end of the study.
Discussion
Findings showed that for most children with epilepsy in our sample, QoL remains either stable or shows improvement over 28 months, and that nearly two thirds of children and three fourths of parents rated their child's QoL as "high" or "moderately high," respectively. Based on child reports, one-fourth of the sample showed meaningful improvement (of at least one SD). This represents a conservative approach to assessing improvement in QoL. 28 Collectively, findings from the prediction of class membership indicated that female child sex and older child age predicted lower QoL over time. Children with lower receptive vocabulary and whose parents had elevated depressed mood, also tended to have lower QoL over time. Social support, particularly parental and classmate support, protected against low QoL. Clinical factors, including AEDs and seizure severity, had smaller influences on QoL relative to the psychosocial factors identified, as evidenced by their lesser contribution to the prediction of the QoL trajectories.
No other studies have investigated child-reported QoL trajectories in epilepsy, so we limit our comparison to the results from the parent-reported trajectories in this study. Trajectories were generally similar between informants. Considering that parents serve as proxy informants for children-the "gold" standard-our study supports previous evidence that parents are valid respondents for the QoL of their children with epilepsy (Table S4) . 29 However, one difference is noteworthy: the child-reported model had an extra trajectory class, Low-Increasing. We speculate that this group includes children who may be responding well to treatment, or have a higher level of resilience and therefore recognize relevant improvement in their QoL that goes unnoticed by parents, or are less relevant to parents' perception of QoL. These potential differences with regard to the concerns and valuation of QoL domains have been observed in pediatric populations including epilepsy, 2, 30, 31 and can result in different trajectory estimates based on informant. Another, albeit less plausible speculation, is that this Low-Increasing group represents a floor effect of the child-reported CHEQOL; children with low QoL have no change option other than to improve. We encourage research examining potential floor and ceiling effects with this, and other epilepsy-specific child QoL measures. Findings regarding the number and shape of QoL trajectories were generally consistent with those of previous reports. Whereas both our study and a previous study, which recruited children with epilepsy aged 4-12 years, 5 identified five parent-reported trajectory classes, the trajectories in the current study were more stable, exhibiting less change over time. The proportion of children who had "high" or "moderately high" QoL was similar between studies; however, we did not observe a consistently declining trajectory. This difference may be attributable to sample and measurement differences between studies. Ferro et al. 5 used the Quality of Life in Childhood Epilepsy (QOLCE) questionnaire in children newly diagnosed with epilepsy and this study used the CHEQOL in a more heterogeneous sample with varying durations of epilepsy. Although both the QOLCE and CHEQOL are epilepsy-specific measures of QoL, the CHEQOL asks parents to respond as if they were their child, whereas the QOLCE asks parents to provide their own perception of their child's QoL.
Stable trajectories were also observed in a study of children aged 2-12 years newly diagnosed with epilepsy using parent-reported generic 6 and epilepsy-specific 7 measures of outcomes. The number of trajectory classes was higher in our study (five vs. four and three, respectively); however, the distribution of trajectories as "low," "average/moderate," and "high" QoL was consistent. Across all studies examining outcomes trajectories, there was usual agreement in the predictors of trajectory classes and their magnitude of association-AED use, cognitive impairments, behavioral problems, and family environment. Significantly, our study identified social support as predictive of most QoL trajectories. This variable has been examined rarely in previous studies. 6, 7, 32 
Implications
Findings support the importance of implementation of multidisciplinary family-centered care strategies. Regular screening of and, when warranted, intervention targeting the salient modifiable risk factors identified in this study -child and parent depressed mood and social supportshave the potential to promote the best possible QoL for children with epilepsy. Health professionals have a number of options for their patients. Cognitive-behavioral therapy adapted for children with a chronic condition has been shown to be effective in improving functioning and reducing symptoms of depression. 33 Parents identified with psychological distress using simple screening instruments (e.g., Patient Health Questionnaire 34 ) can then be taught about the importance of maintaining their mental health to best support their children. 35 Health professionals, along with parents, can advocate for school-based epilepsy education programs shown to be effective in increasing epilepsy knowledge and positive attitudes among elementary school children to facilitate classmate support. 36 Referral of families to community epilepsy support centers can help parents obtain the resources they need. Finally, children with epilepsy, at least those similar to the studied population, can be reassured from early on that their QoL tends to be stable or improve in the following years.
Strengths and limitations
We note a number of strengths of our study. Our cohort was as inclusive as possible to allow children to selfreport QoL-we included children with recent onset as well as longstanding epilepsy; varying ages of epilepsy onset; children with and without comorbidities; and, English-and French-speaking families. The longitudinal design made it possible to identify temporal relationships between the risk factors and QoL and provides some evidence of potential causal pathways to inform subsequent intervention research targeting at-risk children. It is important to note that the measures and variables studied were informed by our conceptual model 9 and previous cross-sectional analyses. 14 We also note some limitations of our study. The sociodemographics of families who consented to participate showed that an overwhelming majority was middle class, highly educated, and had a stable family structure. This social constellation, which is reflected in most studies that are not population-based, limited our ability to examine socioeconomic status as a predictor of child QoL. Higher socioeconomic status has been shown to be associated with better QoL in children with epilepsy, as well as from those in the general population. 4, 37 Thus our findings likely overestimate the positive QoL outcomes in children with epilepsy. Likewise, exclusion of children with intellectual disabilities and autism, which are prevalent in pediatric epilepsy, may also lead to an overestimate of favorable trajectories and restrict the generalizability of our findings. However, we note that our sample is consistent with the intellectual ability of most children with epilepsy (approximately 80%). 10 As with previous studies of children with and without chronic conditions, [38] [39] [40] missing data were associated with indicators of socioeconomic disadvantage (e.g., maternal education) and higher seizure severity, thus the generalizability of findings may be affected. In a related vein, we were not able to separate the 330 nonparticipants into those who were ineligible versus those who declined participation. Although each trajectory class identified had its own specific set of predictors, there was extensive overlap of risk factors. Thus it is not possible to assign a clearly defined clinical profile to each trajectory class. Finally, although most of our predictors of QoL trajectories were collected at the initial visit, the social support questionnaire was completed at the second visit. It is possible that the effect of social supports would have been different if measured at the initial assessment, but the direction or magnitude of this discrepancy is unknown.
Conclusion
Our findings confirm the heterogeneous QoL outcomes for children with epilepsy and the importance of psychosocial factors over seizure-specific factors in determining QoL trajectory class. To our knowledge, this is the first study to document child-reported QoL trajectories. Although there was general agreement in the trajectories estimated based on child versus parent report, the slight differences in trajectory profiles reinforce the importance for researchers and health professionals to obtain multiple perspectives to avoid missing important informant-specific aspects of child QoL. Children with epilepsy appear to do well over time, and family-centered strategies that target child and parent depressed mood and facilitate supportive environments for children and their parents offer the opportunity to improve trajectories further. Intervention research is needed to examine whether such strategies are effective in improving the QoL of children with epilepsy.
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